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Welcome Message 
ICGSE 2010 

 
 
   The 5th International Conference on Global Software Engineering (ICGSE) brings together researchers 
and practitioners interested in exploring how globally distributed teams work and how the challenges 
posed by global software engineering can be met. This conference is a forum at the intersection of 
software engineering, communications, collaboration, business, and cultural aspects that influence 
human behaviors when faced with software development in global environments. This is the fifth in an 
annual series of international conferences on Global Software Engineering that began almost five years 
ago in Florianópolis, Brazil, in 2006. In our subsequent sessions we have learned from different cultures, 
where global software engineering is thriving: Germany, India, Ireland, and in our fifth edition: North-
America. 
 
   The research agenda presented at the previous meetings has influenced the research field in global 
software engineering. We notice more formal modeling and empirical studies, and increased focus on the 
education of the new software engineers. 
 
   This year’s technical program is as strong as ever. We received 55 submissions which were thoroughly 
reviewed by three or four reviewers from an expert program committee. From these 23 were accepted as 
research papers, 4 as industrial experience papers and 4 as educational papers. The Conference is 
structured in 9 sessions over 3 days in a single track. Our technical program attempts to address this 
broad area by presenting new insights into new tools, management, processes, human aspects, and 
teaching as applied to global software engineering. 
 
   The conference provides great opportunities for open discussion of issues and research directions, 
prompted by three workshops (PARIS’10, Knowing, REMIDI) and one panel. Our panel topic should 
provide an opportunity for us to travel virtually into the future and to speculate on how the state of the art 
in communication technologies will likely impact the workplace, specifically with the modern advances in 
communication technologies. 
 
   We offer our sincere thanks to the many individuals and organizations that helped make this year’s 
Conference possible: the IEEE Computer Society, Siemens AG, Siemens Corporate Research, the 
ICGSE steering committee, the ICGSE 2010 program committee, and the ICGSE 2010 organizing 
committee. Finally, we would like to thank the authors, the tutorial and keynote speakers, and the 
workshop organizers and participants for making this year’s ICGSE an exciting event. 
 
   Welcome to ICGSE 2010 in Princeton and enjoy the Fifth International Conference on Global Software 
Engineering! 
 
 
August 2010      Alberto Avritzer, General Chair 

Yael Dubinsky, Program Co-chair 
Allen Milewski, Program Co-chairs 
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Abstract— In recent years, the evolution of Global Software 
Development (GSD) has grown both rapidly and significantly, 
and although the efficiency of this new type of development has 
been proven, some challenging issues must still be confronted. 
Of all these, our research line is focused on designing the 
specific training that members of virtual teams must receive. 
Universities and companies therefore need to design training 
schemas to deal with the specifics of GSD, which are 
principally related to communication difficulties and time and 
cultural differences.  

In this work we present the findings of a Systematic Literature 
Review in the field of GSD training and teaching. Our 
intention is twofold: on the one hand we wish to discover the 
existing strategies and proposals available up to the present 
day, and on the other hand we wish to identify the open 
challenges, that will be helpful for practitioners and 
researchers in the future.  

Keywords-global software development; distributed software 
development; teaching; education, training, learning, 
systematic literature review 

I.  INTRODUCTION 
Global Software Development (GSD) is an emerging 

paradigm in which development teams are geographically 
distributed whilst working on the same projects [1]. The 
main reason for this shift is to optimize and decrease costs by 
finding zones in which a skilled workforce is more readily 
available.  

However, this type of development also entails certain 
drawbacks, caused mainly by distance, time and cultural and 
language differences, which make it difficult to reach a 
common understanding, particularly when members use non-
native languages and employ terms that may be 
misinterpreted [2], [3]. Traditional face-to-face meetings are 
no longer common, making communication and coordination 
more complex. In addition, the interaction between members 
requires the use of technology [4], which introduces more 
variables leading to a minimization in the effects of the well-
known advantages of this shift.  

These factors influence the way in which software is 
defined, built, tested and delivered to customers, thus 
affecting the corresponding stages of the software life cycle. 
Students and software engineers must therefore acquire the 
skills needed to confront the new challenges that are present 
in these environments, and which are not at present part of 
their conventional curriculum, since current software 
engineering education rarely takes GSD activities into 
account [5], [6]. Moreover, preparing students in this field is 
not easy, as it requires new theoretical contents and tools, 
along with a great deal of coordination. 

In this work, we present the findings of a Systematic 
Literature Review (SLR) in the field of GSD training and 
education in order to permit researchers, instructors and 
practitioners to discover the main challenges, strategies and 
proposals available up to the present day. 

This paper is organized as follows: Section II justifies the 
need for this SLR, Section III describes the SLR procedure 
used and the results that were obtained. Section IV presents 
an analysis of the results previously presented. The main 
proposals found are explained in Section V. In Section VI we 
explain the skills required for learners and instructors. The 
main success factors for carrying out the learning process are 
listed in Section VII. Finally, Section VIII provides some 
concluding remarks. 

II. BACKGROUND AND MOTIVATION 
Although GSD allows companies to take advantage of 

the higher availability of a qualified workforce in 
decentralized zones, their managers frequently complain that 
recent graduates lack the necessary skills to tackle the new 
problems created by GSD. They argue that their experience 
is strictly limited to relatively short projects, because 
education programs do not deal with these subjects at an 
appropriate level in general [7], and for GSD in particular.  
On the other hand, training these skills is not easy, since it 
necessitates providing students and inexpert software 
engineers with real experiences that will allows them to 
develop both technical and non-technical skills [8]. In 
addition, companies are not always willing to invest their 
resources in training programs, for two main reasons: firstly, 
because some organizational resources must be relocated, 
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putting real on-going projects at risk, and secondly, because 
reproducing the complexity of real settings is difficult to 
achieve in educational environments [9], and consequently 
training might not be successful. If companies were prepared 
to support this kind of training, instructors would have 
appropriate tools, methods and course materials with which 
to teach these skills at their disposal [10], thus providing 
learners with real experiences and case studies adjusted to 
the reality of the companies’ requirements that would 
connect theory with practice [11]. 

Literature shows that several proposals have attempted to 
tackle this subject: academic courses [12], learning 
environments [10] and the application of tools presented in 
real scenarios [11]. 

We have therefore decided to make an in-depth study of 
the subject of training in GSD education by exploring the 
challenges and proposals that might be of great assistance to 
researchers, instructors and practitioners, and which will 
serve to define an educational environment in the future, 
based on rigorous findings of the state-of-the-art.  

Before presenting our SLR we should like mention that 
various interesting SLRs on GSD exist such as that of Smite 
et al. [13], which is focused on empirical evidence in GSD 
and identifies some best practices in this still immature field. 
A further SLR in this area, which uses the Scrum 
methodology, is presented by Hossain et al. [14] and Khan et 
al. [15] and focuses on software outsourcing activities. 
However we have not found any SLRs in the particular field 
of GSD on which our work is focused. 

III. SYSTEMATIC REVIEW PROCEDURE 
An SLR permits the identification, evaluation and 

interpretation of all of the available relevant studies related to 
a particular research question, topic area or phenomenon, 
according to a predefined strategy.  

In this work, we have carried out an SLR by following 
the guidelines provided by Kitchenham and Charters [16]. 
The elements involved in the process are detailed in the 
following subsections. 

A. Question Formularization 
The research question that guided this SLR was: 

What are the initiatives carried out in relation to 
Global Software Development training and education? 

The ultimate goal of this SLR is to identify the best 
procedures, models and strategies employed in the training 
and education of software engineers. The population of 
primary studies will also be composed of publications that 
have been found in the selected sources. These publications 
deal with the skills required in GSD, and how to deal with 
the main problems identified in teaching these skills. 

B. Sources Selection 
We carried out an initial scoping study to determine the 

search string and the resources to be searched. The search 
string was established as follows: 

 ("distributed software development" OR "global 
software development" OR "global software engineering" 
OR "distributed software engineering") AND ("learning" OR 

"teaching" OR "education" OR "training" OR "simulation" 
OR "simulator"). 

Our search strategy consisted of the following decisions:  
− Search sources: We adapted the search chain to the search 

engines we have used, namely: 
- Science@Direct (www.sciencedirect.com) 
- SpringerLink (www.springerlink.com) 
- IEEE Digital Library (www.computer.org) 
- ACM Digital Library (http://portal.acm.org/dl.cfm) 
- Wiley Interscience (www.interscience.wiley.com)  
- AIS eLibrary (http://aisel.aisnet.org) 

All the proceedings of the International Conference on 
Global Software Engineering (ICGSE) were taken into 
account as they appear in the IEEE Digital Library. 
− Language: We only considered papers published in 

English. 
− Searched items: Conference papers, journal articles and 

workshop papers. 
− Publication period: The year 2000 until November 15th, 

2009. Since, as is mentioned in [13], and stated by [17], 
GSD is a 21st century trend, it is during the last few years 
that most papers have been written about this field.  

C. Relevant Studies Selection 
The inclusion criteria for determining whether a study 

should be considered relevant (a potential candidate to 
become a primary study) was based on analyzing the title, 
abstract and keywords from the studies retrieved by the 
search to determine whether they dealt with initiatives 
related to GSD training and education and whether they 
made any proposals concerning GSD coordination, 
collaboration and communication problems. In some cases it 
was necessary to read the entire document to determine its 
precise scope and relevance.  

After analyzing the first iteration of the SLR, we applied 
exclusion criteria to obtain the primary studies, excluding 
those studies whose orientation towards GSD problems was 
not well defined and did not contribute with any significant 
proposals, despite addressing the training or education of 
GSD. 

D. Primary Studies Selection 
The inclusion criteria for the selection of primary studies 

are listed below: 
- Studies that describe GSD courses in university 

environments or companies. 
- Studies that describe real experiences, problems or 

success factors. 
- Studies that propose training tools or environments to 

carry out the training or education process. 
We excluded those studies that fulfilled these criteria: 

- Studies that do not answer the research question. 
- Studies that do not contribute with any relevant 

information or proposals in GSD training or education. 
- Studies that do not describe their methods to an 

appropriate level of detail. 
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E. Quality Assessment 
After the initial selection of primary studies, we carried 

out the quality assessment of the studies in two stages. First 
we reviewed the appropriateness of the studies, bearing in 
mind the inclusion and exclusion criteria, and after we 
carried out a more detailed review in parallel with the 
information extraction process. 

During this process, we verified the relevance and quality 
of the studies, also bearing in mind the clarity of their 
methods and proposals. We also excluded a number of 
papers that were published in different sources but were 
based on the same study, and versions of previously 
published papers, in order to avoid their repetition during the 
data extraction process. With regard to this, we excluded the 
studies listed in Table I: 

TABLE I.  STUDIES EXCLUDED FOR SIMILARITY 

Excluded studies Similar to 
[18] [19] 
[20] [21] 
[22] [6] 
[23] [6] 
[24] [25] 
[26] 
[27] 

[28] 
[29] 

 
The search procedure (see Figure 1) produced 67 relevant 

studies. Of these, 38 were selected as primary studies. The 
complete list of primary studies is shown in Table II.  

 
Figure 1.  Selection process for primary studies 

F. Information Extraction 
We applied an information extraction process for each 

primary study by using a database with a pre-defined data 
extraction form containing the following information: title, 
authors, reference, year, researchers’ country, source, 
number of pages, scope, proposal, organization type 
(university, company) and company size, processes covered, 
target population, date of review and methodology. 

This process was initially carried out by a novice 
researcher. A more experienced researcher then reviewed the 
results in order to ensure that the selected studies matched 
the research question at a sufficient level of quality for them 
to be considered as primary studies.  

TABLE II.  LIST OF PRIMARY STUDIES 

Reference Year Source Methodology Reference Year Source Methodology 
[30] 2000 IEEE Case study [31] 2007 IEEE Case study 
[32] 2001 IEEE Experimental [33] 2007 ACM Case study 
[34] 2002 IEEE Non-experimental [35] 2007 ACM Case study 
[10] 2002 IEEE Case study [36] 2005 IEEE Case study 
[37] 2005 IEEE Non-experimental [21] 2008 SpringerLink Non-experimental 
[38] 2008 IEEE Experimental, Survey [39] 2008 SpringerLink Case study, Simulation 
[40] 2005 ACM Case study [41] 2008 IEEE Case study 
[42] 2006 IEEE Non-experimental [6] 2008 IEEE Case study 
[43] 2006 IEEE Experimental [12] 2008 ACM Case study 
[5] 2006 IEEE Case study [44] 2008 ACM Case study 
[45] 2006 IEEE Case study [46] 2009 SpringerLink Case study 
[19] 2006 IEEE Case study [25] 2009 SpringerLink Case study 
[47] 2006 IEEE Case study [48] 2009 IEEE Survey 
[28] 2007 Wiley Simulation [49] 2009 ACM Case study 
[50] 2009 ACM Case study [51] 2007 SpringerLink Case study 
[52] 2007 IEEE Non-experimental [11] 2009 ACM Case study 
[53] 2007 IEEE Case study [54] 2009 ACM Case study 
[8] 2007 IEEE Case study [29] 2009 ACM Case study 
[55] 2009 IEEE Experimental [56] 2009 IEEE Case study 
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IV. TRENDS IN GSD EDUCATION RESEARCH 
This section analyzes and discusses the content and 

characteristics of the primary papers found.  
The methodology of the primary studies selected was 

categorized as [57]: case studies, literature reviews, 
experiments, simulations and surveys. The non-experimental 
model (for studies that make a proposal without testing it or 
performing experiments) was also applied. 

Figure 2 shows that the majority are case studies which 
basically describe experiences in university courses. We did 
not find any SLR specifically concerning GSD education.  
 

Survey
5%
Simulation

5%

Experiment
10%

Case 
studies

68%

Type of studies analyzed

Non-Experimental
12%

 
Figure 2.  Type of studies analyzed. 

Figure 3 shows that most of the primary studies are 
contextualized in a university environment. They describe 
how groups of students at different locations have carried out 
joint developments. It is interesting to note that we have also 
found companies’ approaches and studies developed in 
collaboration between universities and companies. 

 

2

7

29

Company

University and 
company

University

0 10 20 30

Environments of study development

Number of studies   
Figure 3.  Environments of study development. 

A. Classification of Primary Studies according to ISO/IEC 
12207 
In order to discover the main areas in which studies have 

focused to date, the primary studies were classified 
according to the studied processes of the software life cycle, 
based on the ISO/IEC 12207 standard [58]. The results of the 
mapping are presented in Table III. Some primary studies 
were not classified since their scope was more generic. 

Upon considering the number of publications associated 
with each process category, it is possible to state that the 
greatest efforts are mainly focused on software construction, 
software design, requirements engineering and software 

testing. From the point of view of specific characteristics of 
GSD, it is possible to conclude that all these processes are 
particularly affected by communication problems and 
cultural and language differences. This is therefore consistent 
with our initial ideas that the training and teaching of these 
skills have become an important topic. Some of the studies 
included dealt with more than one process at a different level 
of detail. 

TABLE III.  PROCESSES CONSIDERED IN THE PRIMARY STUDIES 

Process Studies 
Software construction [49], [11], [30], [5], [44], [19], [43], 

[8], [47], [10], [35], [48], [6] 
Software design [49], [30], [5], [19], [43], [8], [47], 

[10], [35], [6],  [31], [38] 
Requirements analysis [49], [30], [5], [19], [43], [8], [10], [6] 

Software testing [49], [50], [30], [19], [47], [10], [52] 
Project management [30], [12], [19], [43], [10], [35], [46] 

Requirements elicitation [49], [30], [5], [19], [21], [6] 
Organizational 

management [34], [43], [51], [39], [28] 

Configuration 
management [11], [44], [8], [31] 

Quality Assurance [12], [44], [19], [25] 
Documentation [49], [44], [35] 

Problems resolution [11] 
Change requests [11] 

Joint reviews [12] 
Management process [51] 

Risk management [35] 
Software integration [56] 

 

B.  Publications Tendency 
Upon considering the number of primary studies found 

published by year, the subject of teaching GSD is evidently 
an area which was not widely studied until a few years ago 
and, as Figure 4 shows, 2009 is the year in which the greatest 
number of studies were published, bearing in mind that the 
search was completed in November of that year. 
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Figure 4.  Trends in publications in GSD education. 
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Table IV shows the origin of the authors of each paper 
considering their affiliation, who are largely from the USA. 

TABLE IV.  CONTRIBUTORS ORIGIN 

Country Contributors Country Contributors 
USA 26 Canada 1 

Germany 6 Australia 1 
India 5 Chile 1 

Cambodia 3 Japan 1 
UK 3 Mexico 1 

Ireland 2 Puerto Rico 1 
Italy 2 Spain 1 

Netherlands 2 Sweden 1 
Panamá 2 Thailand 1 
Turkey 2 Brazil 1 
Austria 1   

V. FINDINGS FROM THE SLR 
In this section, we synthesize the challenges, methods 

and proposals identified through the SLR, discussing the 
most relevant studies. We have structured this section 
according to the following types of proposals found: 

- Learning environments 
- e-Learning approaches 
- Simulators 
- Teaching GSD in the classroom 
- Training GSD in the classroom 
- Teaching GSD in the company 

A. Learning environments 
We found some primary studies dealing with learning 

environments that provide functionalities to manage the 
training of GSD activities and which can be used in 
companies or universities. 

iBistro [34] is an augmented space based on the ‘learning 
by doing’ approach, thus enabling distributed members to 
collaborate in the development of software that can be used 
to learn project management, software development and 
social skills. 

This environment addresses miscommunications and 
information problems in informal meetings by allowing 
students to capture structures and retrieve knowledge from 
the meetings by using the audio, video, sketches, notes and 
the drawings generated. This is supported by a minute 
generator tool that stores the contextual information, allows 
the meetings to be represented and facilitates navigation 
through the database which contains information about the 
meeting. 

iBistro also provides intelligent support mechanisms with 
which to perform certain tasks such as computer supported 
group formation, and the ability to effectively find 
stakeholders and experts in certain areas. 

We have also found blended learning approaches, such as 
that presented in [40] for a lab course on Distributed 
Software Development, based on the collaborative virtual 
learning environment CURE [59]. This lab course uses 
virtual places (called rooms) for collaboration. These virtual 
places may contain pages (content), communication channels 

(such as chat, threaded mailbox, etc.), and users, who will 
interact with other users standing in the same room. 

This proposal is based on the Problem-Based Learning 
approach [60], in which, students have to form groups and 
are encouraged to find a solution to a problem in a 
collaborative manner. During the problem resolution, they 
submit deliverables at prescribed milestones. 

On the other hand, in [36] a platform based on Eclipse is 
presented. This platform consists of the integration of CURE 
and CodeBeamer.  CodeBeamer is a collaborative platform 
that offers integrated support in project management, 
requirements management and code management and allows 
asynchronous communication by means of a wiki system. 
The proposed platform allows students to collaborate during 
all the phases of the development to produce a large software 
system. 

[51] is also focused on CodeBeamer. In this case, a 
framework is proposed which is oriented towards offshoring 
practices by expanding the functionality of this environment. 
The authors have basically developed the following 
Requirements Engineering oriented tools: 

- Ibere: an internet-based tool that guides distributed 
members in the selection of requirements and the 
estimation procedure.  

- TraVis: for traceability management and supporting 
change management and the visualization and analysis of 
the dependences among artefacts. This tool helps 
CodeBeamer to improve awareness by managing a wide 
range of information through graphical representations 
and real-time analysis of the project. 
A Web-based collaboration platform that eases 

communication and content management, providing a 
discussion board, a file sharing repository and a project 
calendar is presented in [29]. Instructors can add training 
modules, and students can access their description along with 
their instructions, milestones, and deliverables. The students 
use this platform to work with their partners in order to 
achieve the module’s scopes.  

Jazz [11] is a collaborative development platform that 
integrates several functionalities to support the software life 
cycle, such as: source code repository, chat,  web interface, 
reports generation, and work items. Students can generate 
work items containing all of the relevant information related 
to the resolution of a problem along with the associated chat 
conversations. 

In [46], the authors detail a tool that supports problem 
analysis and helps students to improve their problem-solving 
skills. Users can add labels to problem nodes of the project 
that will be helpful in the problem resolution.  

[47] describes a computer supported collaborative tool 
for teaching distributed teams through the use of 
collaborative tools (including chat, a scribble tool, an 
application sharing tool, graphics tools for designing UML 
documents, etc.). The authors have also developed course 
management software that helps instructors in tasks related 
to the administration of groups and the collection of 
information concerning the student’s actions, thus providing 
a means to evaluate them. 
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This study also presents a Web portal developed with the 
aim of helping students to manage the groups and projects in 
which they are involved. Students use this means to share 
their personal information (such as name or email address) 
with their partners and they can also access their partner’s 
schedule in order to agree possible meeting times for the 
projects they have in common.  

[32] proposes a framework which is useful for dealing 
with some of the difficulties in GSD. It basically consists of 
the following set of tools: 

- Project scheduling and tracking tool: to help the 
instructors in their tasks. 

- Configuration management tool: that manages change 
requests by filling out and submitting a form. 

- Technical review tool: including inspections and 
walkthroughs. 
This study also introduces the idea of the team contract, 

in order to standardize the project’s daily process and avoid 
missed meetings and other problems caused by the former 
informality of the process. The team drafts a contract to 
establish rules concerning communication, response times 
and the authority that is allowed to manage these kind 
problems. This same idea is also used in [29]. 

B. e-Learning approaches 
On the other hand we have also found the application of 

e-learning approaches which, in contrast to learning 
environments, consists of web-based applications oriented 
towards delivering online courses. 

 OAS!S [54] is a virtual learning environment created by 
customizing the WebCT Vista / Blackboard platform. Its use 
is broadly extended in many universities. It allows discussion 
boards, mail systems, chat and content management, which 
can be very helpful, mainly in improving communicative 
skills. 

In this respect we should also mention the open source 
platform learning OLAT (Online Learning And Training) 
[54], that similarly supports forums, chats, file sharing, and 
mailing system, offering support for various e-learning 
standards such as IMS or SCORM. 

Finally, [46] presents the development of a Web-based e-
learning course dealing with project integration and quality 
management (including project chartering, monitoring, and 
controlling), along with time and cost management through 
scheduling tasks and activities using methods for controlling 
their cost. 

C. Simulators 
This SLR has led us to realize that some primary studies 

propose simulators which permit the training of specific 
skills, with the advantage of reducing the costs and risks of 
performing that task if it were to be performed in real 
environments. 

In this respect, [28] proposes a simulator to study 
different ways in which to configure GSD projects. The 
configuration includes parameters related to task allocation, 
studying phase-based, module-based and follow-the-sun 
allocation strategies. The simulator computes the project 

duration for each configuration, thus allowing the student to 
study the impact of different GSD factors, such as distance, 
culture, language, trust and time zone, on project duration. 
This simulator could therefore be used not only to help 
managers to find the best configuration settings in order to 
improve their project performance, but also as a training 
device in the new challenges created by GSD, by helping 
managers to better estimate the values of the parameters that 
make a project suitable for GSD, or which sites should be 
included in the project, how the work should be divided, or 
which tools are effective in these environments. 

We found another approach in [21] regarding the 
simulation of the Requirements Engineering (RE) process. 
RE has become one of the most problematic processes in 
GSD since it requires a great deal of communication and 
interaction with multicultural and multidisciplinary 
members. Requirements engineers must assimilate new 
methods and must also be trained in appropriate technologies 
which allow them to tackle the new challenges created by 
GSD.  

This simulator allows students and professionals to be 
trained in the skills needed in the elicitation of requirements 
interviews. Learners are placed in a simulated interview in 
which they interact with virtual humans coming from 
different cultures in order to obtain the functional and non-
functional requirements of a project. They therefore learn 
computer-mediated communication knowledge and attain a 
higher understanding of the cultures and customs of other 
countries.  

D. Teaching GSD in the classroom 
Traditional theoretical classes are also commonly found 

in literature as a response to the needs for adjustments in 
software engineering education [31]. In this respect, many 
studies coincide in highlighting the necessity for joint 
courses with different universities, so that students can 
benefit from a wide set of knowledge and experiences [44]. 
However, a commonly reported problem with this approach 
is related to the difficulty of attaining an appropriate level of 
coordination and collaboration with the different institutions 
[42]. 

We have found several studies that describe their 
learning course approaches, such as [30], which presents an 
experience in collaboration with other universities with three 
distributed software engineering project courses. The 
approach not only includes theoretical classes, but also 
seminars and laboratories through a collaboration 
infrastructure. 

A European Masters program on Global Software 
Engineering which involved several universities from 
different countries was presented in [31]. This program 
enables the technical and cultural dimensions of GSD to be 
taught and is focused on the areas of: software architecting, 
real-time embedded systems engineering and web systems 
and services engineering. 

[37] provides details of a software engineering program 
to incorporate collaborative global software development 
processes into universities and industrial software companies 
and also to enhance distant learning programs. 

182



The Masters course proposed in [38] takes into account 
the fact that students from different universities have 
different backgrounds, skills and experience, so it is 
important to analyze their prior education and characterize 
the students in order to design the course. 

As we shall show in the following section, some studies 
also combine teaching classes with practices and actual 
developments. 

E. Training GSD in the classroom 
“Learning by doing” is the most common approach 

suggested by the primary studies since developing the GSD 
skills requires putting theory into practice by using tools and 
methods for tackling typical problems found in real 
environments.  

Universities that teach GSD tend to organize joint student 
developments, collaborating with universities from different 
countries. In these cases, the students communicate by using 
email, telephone and instant messaging [33] and this 
interaction allows them to learn from others students’ skills 
and cultures. Their involvement in real development 
experiences is therefore both positive and beneficial for their 
curriculums [8], given that they tackle processes with a close 
similarity to those applied in industry [10]. 

In [10], we found an experience in which several 
universities from the same country participated. Distant team 
members collaborated by documenting each task and sending 
it electronically to the other university groups. The process 
defined was flexible enough to allow modification in the 
school’s task assignments. 

[49] present a case study of a course in which virtual 
teams from different universities collaborated to develop a 
project for a real customer that profited from this learning 
process. However this study is limited to the interaction 
between only two universities, both of which were located in 
the same country, so they could not deal with all the 
problems caused by internationalization with regard to 
language, time and cultural problems. 

The experience presented in [43], in which three 
universities from different countries were involved, identifies 
scheduling as one of the most common difficulties for 
engineers when they are full-time developers. One of the 
important subjects mentioned in this study consists of 
training communication and informal skills and learning how 
to work effectively with a team and react quickly to changes 
in requirements, architecture and organization.  

[19] combine a class which teaches software engineering 
methods and processes with the development of a real 
project in a setting designed to simulate a small company. 
Students were divided into small groups (in some cases 
distributed throughout different countries), and had to 
collaborate in order to develop a complete working 
application. 

In [54] two projects involving students from four 
countries were developed with the aim of studying a team 
performance model that was used to measure certain factors 
that affect collaborative work. 

In [25], the authors present a course on quality assurance 
from three universities from different countries that have 

worked together on the development of a software system. 
This practice allowed students to interact with partners of 
different cultures, and also to play different roles in the 
project. Since they collaborated with partners from different 
backgrounds, skills and ways of thinking, their learning 
experience was richer that it might otherwise have been. This 
study, complemented in [6], makes some recommendations 
oriented towards project planning in GSD education based 
on the students’ experiences. The interaction was carried out 
by using several types of communication tools [6]:  

- Mailing lists, emails and chats. 
- Wikis: Each sub-team in the project maintained a wiki 

containing all the documents and artifacts that they 
produced. 

- Blogs: in which the students reflected their weekly 
progress in the project. 
The authors also suggest that it is easier for course 

instructors to play the role of project managers. This permits 
them to take advantage of their position in order to lead 
students through the processes, and for instance, prevent 
them from experiencing certain coordination problems.  

In [5], the corresponding authors report the strategies 
applied in a course on requirements engineering in three 
different universities, in which a web-based inspection tool 
named IBIS was used in an educational environment. These 
strategies were oriented towards learning the skills needed 
for international teamwork, along with the use of specific 
tools for remote communication. 

Finally, we should also mention some outsourcing 
experiences for students reported in [33], courses oriented 
towards eXtreme Programming in distributed environments 
[12], and other experiences referring to offshore software 
development between undergraduate students at different 
locations replicating a client/vendor relationship in a virtual 
setting, as presented in [35]. 

F. Teaching GSD in the enterprise 
Although the topic of teaching GSD within a company 

has not been commonly reported in the primary studies, we 
have found some related experiences. The most remarkable 
example was found in [41], which presents a training 
initiative in a multinational organization that applies GSD. A 
training course related to concepts and best practices of 
communication, trust, cultural differences and coordination 
was developed. After the completion of each project, the 
students generated a document containing the lessons 
learned. 

The higher level of availability of an experienced 
workforce appearing in these environments makes the 
application of the concept of learning networks [25] 
possible. Since instructors cannot be experts in all the GSD 
areas and cannot consequently cover every topic, learning 
networks provide a new way in which to perform the 
learning process based on the experience of a 
multidisciplinary set of trainers. 

An example of a learning network is described in [53], It 
consists of a team of trainers from a company who were 
experts in specific software development activities and who, 
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in this case, combined their training activities with their work 
as engineers, project managers, quality managers, etc., in that 
company. Students were therefore able to interact with them 
and take advantage of real work experiences by maintaining 
contact with professionals who were carrying out day-to-day 
work. 

VI. REQUIRED SKILLS IN GSD 
In this section we list the skills that learners should 

develop according to the findings of this SLR, along with the 
desirable skills required by the instructors oriented towards 
the challenges created by GSD. 

A. Learners skills 
We found the following main skills that learners should 

develop: 
- Computer-mediated communications [29], [8], [5]. 
- Knowledge of communication protocols and customs 

[8], [6].  
- Ability to communicate effectively using a common 

terminology and language [46]. 
- Knowledge of negotiation skills and contract writing in  

a common language [5]. 
- Managing ambiguity and uncertainty [8]. 
- Use of knowledge and document management and 

control version tools [34], [35]. 
- Leadership skills, and time management skills [53], [19]. 
- Skills to gain the team’s confidence and trust [46]. 
- Ability to think from the perspective of the other side, 

teamwork skills [32]. 
- Informal communication and improvisation skills [43]. 
- Conflict resolution [29], particularly affected by culture 

differences and communication problems. 
- Knowledge of tools, methods, data, and processes 

required in a distributed project [41]. 
- Communication with a multidisciplinary team [10].  

B. Instructors’ skills 
The set of skills required by the instructors who teach 

GSD foundations largely depends on the course orientation 
(theoretical, practical, degree of collaboration with other 
institutions, etc.). However, we found that instructors must 
manage similar skills to those required by learners. This is 
owing to the fact that they must also have a basic knowledge 
of the problems of each role in the GSD, since a profound 
knowledge in all the topics is unviable [53], but they must be 
familiar with the course objectives and methods [10]. 

They also require minimal technical skills since they 
need to maintain the tools and course materials on the 
Internet. In some cases, instructors will play the role of 
project managers, and in other cases they will have to advise 
team leaders to confront certain conflictive situations [25], so 
they must know how to coordinate the team and maintain the 
motivation level by promoting effective team work and trust 
within the group [8]. They must also mediate to solve 
personal differences among members, repair technology, and 
resolve communication problems [47]. 

In addition, course material and training modules must be 
integrated from a variety of sources, and the tools used 
should be specifically selected, so the course preparation is 
challenging for the instructor, and more so when they have to 
coordinate their efforts with other institutions [5]. 

Finally, instructors must know how to create groups by 
selecting the most appropriate members according to their 
skills and knowledge. They also need to guide students, 
monitor and evaluate their activities, control project 
scheduling [25] and manage technological risks [35]. 

VII. DESIRABLE FEATURES FOR A TOOL FOR GSD 
From the experimental studies analyzed, we have 

extracted a set of characteristics that an environment oriented 
towards the training and education of GSD should meet: 

- Provide training in informal communication [43] and 
promote the learners’ proactivity [25]. 

- Support the interaction of distributed teams by applying 
communication and collaboration technology [41], [37]. 

- Allow the teams’ performance to be quantified [55]. 
- Provide opportunities for self-reflection and self-

correction [35]. 
- Provide rationale and explain consequences by sharing 

corporate experiences [25].  
- Allow students to play different roles in the project to 

make them aware of the different kind of problems [5], 
[25]. 

- Help to create a feeling of trust between the members 
[5], [29], [10], [32], facilitating the knowledge of team 
ethics [44]. 

- Support the development of real-world projects [51] 
involving distant members with different cultures [30].  

- Minimize the cost of the tools and infrastructure needed, 
along with their maintenance effort [53]. 

- Minimize the need for adherence to schedules of distant 
members [29], [44]. 

VIII. CONCLUSIONS 
In this work we have applied an SLR method in order to 

analyze the literature related to GSD training and education. 
The results obtained have allowed us to depict a vision of the 
challenging factors and strategies applied in the teaching and 
training of the new skills required. These results have led us 
to the following conclusions: 

Conclusion 1. There is a growing interest in GSD 
training and education, since GSD has grown in recent years 
and training has become essential.  

Conclusion 2. The teaching and training of GSD must be 
supported by practical experiences through which students 
can learn by doing.  

Conclusion 3. Simulating the complexity of real 
environments is difficult for universities, and the different 
timetables of the students make it difficult to coordinate 
training projects. 

Conclusion 4. It is not possible for instructors to cover 
all the stages and problems of GSD [53], so any initiative 
should be focused on a specific field. 
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Conclusion 5. Students involved in GSD training 
programs usually experience a lack of motivation, schedule 
problems and communication difficulties [40], and this is 
greater still when cultural and language differences  are 
present [32]. 

Conclusion 6. Particular training scenarios and learning 
environments require specific tools for communication, 
collaboration and document management. An appropriate 
selection of tools is therefore a key aspect [5].  

Our future work will be focused on the development of a 
training environment for GSD which will be capable of 
simulating meetings at different stages of the project life 
cycle and of considering the problems concerning distance 
and cultural differences. Moreover, we are planning to have 
a contact with industry in order to know what kind of skills 
managers demand in software engineers who will work in 
GSD. 

The work presented here has served as a starting point 
from which to establish the main foundations and criteria to 
guide our research. It has also served to collect ideas to 
define the training environment. The information collected 
will also be helpful in designing suitable training scenarios. 

Finally, as our search was reduced to studies which 
addressed the training and education of GSD, we believe that 
this study could be extended. Since GSD is a wide area, it is 
possible to find related approaches which, despite not 
addressing this topic directly, deal with training and 
education in related fields of software engineering, such as 
those related to language learning and cultural differences, 
signifying that their study would therefore be important in a 
future work. 
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